Hepatitis B infection is a major public health problem caused by hepatitis B virus 
with viral and lymphocyte kinetics noticed in chimpanzees following acute HBV infection. Activated T-helper cell type 2 (Th2) CD4+ T-cells shown to induce B-cell production of HBsAb, HBcAb and HBeAb in patients undergone HBV clearance [10, 11] .
Virology and Genotypes
The HBV genome is a relaxed double-stranded circular DNA molecule of 3.2 kb in length [12] . It is classified into ten genotypes (A-J) that are scattered at different geographical areas and each has specific clinical outcome. Genotyping is usually done using different techniques such as line probe assay, genotype specific polymerase chain reaction and restriction fragment length polymorphism [13] . Acute infection with genotype D is considered as the main cause of acute liver failure than other genotypes [14] while genotype A appears to have more favorable outcome than genotype D [15] . Genotype C appears to have a significantly higher viral load than genotype B [16].
HBV Life Cycle
The replication process started with the entry of the HBV into the hepatocytes, then the virion undergoes uncoated process and transported to the nucleus in which RC DNA is converted into covalently closed circular DNA (cccDNA), cccDNA is transcribed into subgenomic RNA (sgRNA) and pregenomic RNA (pgRNA) [17, 18] . The subgenomic transcriptis used for the translation of envelope protein and X protein. The pgRNA is used as a template for reverse transcription, translation of HBcAg and HBV Pol [19] . In the cytoplasm the pgRNA is undergo reverse transcription to a nucleocapsid contain DNA which is enveloped to be secreted as progeny virion through the endoplasmic reticulum [20] .
Epidemiology and Clinical Infection
The geographical distribution of HBV genotypes and HBsAg is as follows; Genotype A is found in North America and northwestern Europe, genotypes B and C are found in East Asia, genotype D is highly prevalent in the Mediterranean and the Middle East, genotype E identified in West Africa, genotypes F and H are most prevalent in Central and South America, and genotype G is found in the United States and Europe [21, 22] . In 2008 scientists isolated genotype I and the genotype J from Japanese patients [23, 24] .
HBV is transmitted by exposure to infected blood or other body fluids. HBV transmission has been reported with several forms of human contact such as mother to child, household, sexual, needle stick and occupational/health care related. The highest concentrations of infectious HBV are found in blood and serum. However, other body fluids, such as semen and saliva, are also infectious [25] . HBV infection may result in subclinical or asymptomatic infection, acute self-limited infection, or fulminant hepatitis requiring liver transplantation. People infected with HBV can develop chronic HBV infection, which may lead to cirrhosis or hepatocellular carcinoma, the likelihood that newly infected individuals will develop chronic HBV infection is related to their age at the time of infection [26] .
Hepatitis B Surface Antigen (HBsAg)
Hepatitis B surface antigen is a complex macromolecular structure that provides the envelope protein of HBV, it is composed of 75% proteins and 25% carbohydrates and host derived lipids. HBsAg produced during the infection of hepatocytes in the form of lipoprotein of 22nm diameter. The HBV envelop proteins composed of Pre-S1, Pre-S2 and S. The S protein, which codes for the S gene which is made up of 226 amino acids and is the main component of the viral envelop protein [27] . The three envelop proteins can be translated as L (large), M (middle) and S (small) or collectively HBsAg. Within the later the site between the aa 100-160 termed as major hydrophilic region (MHR). This region comprised of aa 99-160 refers to "a" determinant region.
MHR proposed to have two major loops and one minor loop which defined by some disulphide bridge that join the epitope cluster for which majority of anti HBs directed are against the epitope between aa 107-137 or (138), 139-147 or(149) and 121-124 [28] .
The "a" determinant is considered as the main neutralizing epitope and its common in all HBV genotypes, for this reason the anti HBs against the "a" determinant are widely protective against reinfection by HBV [29] . Changes in the conformation which can successively lead to failure of binding of neutralizing antibodies may develop due to amino acid substitutions within the" a" determinant [30] . Mutations in HBV occur due to low fidelity of polymerase, high replication rate and overlapping reading frames. The pre-S1/S2/S ORFs codes for three envelope proteins (large, middle and small) which are responsible for virus assembly and attachment to hepatocytes. L protein pre-S1 domain (amino acids 21-47) is the substrate for viral receptor attachment; M protein (pre-S2 domain) function is not well understood and, finally, S protein (S domain) is the HBsAg. Mutation in HBV is either vaccine induced or drug induced and these mutations can lead to occult hepatitis B infection, HBV reactivation and reinfection. Also it may lead to diagnostic assay failure [31] . HBsAg contains the epitope for "a" determinant region between the amino acid residue 99-169 and amino acid changes in this site that lead to mutations that escape the immune response that provided by the vaccine [32] .
Mutations in HBV Genes
Several published studies suggested that hepatitis B virus (HBV) mutants must be considered in occult HBV infection (OBI) which is characterized by the presence of HBV infection without detectable HbsAg. However, it is not known how widespread these mutants are and how they change the course of liver diseases. Jin lin hou et al. studied 2,565 individuals with chronic hepatitis B infection, hemodialysis patients, blood bank donors and cryptogenic liver cirrhosis. They found that 51 of them had occult hepatitis B infection and 43% of them had mutations in the MHR region includes the following Q101K, T115A, K122N, T123A, T126N, Q129N, G130R, T131I, M133T, F134L, C138Y, K141E, P142S, G145R, N146S, and C147F/R1 [33] . The existence of occult HBV patients caused by HBsAg mutants has implications for their possible transmission role through sexual contact and by blood transfusion. Naturally occurring mutations may envolve the polymerse gene as the tyrosine -methionine-aspartate-aspartate (YMDD-motif) mutations can occur spontaneously without using of antiviral therapy.
Accumulation of base mismatch due to the natural features of viral polymerase might be the cause of this mutation [34] .
Vaccine Escape Mutants
HBV vaccine is a recombinant DNA vaccine that contains HBsAg genetically engineered from the yeast Sacchromyces Cerevisiae. It provides seroprotection rate of 85 -100 % that seen one month after the last dose of vaccine and it confers immunity for at least 10 years [35] . Vaccine escape mutants at the "a" determinant region occurred under selection pressure of HBV vaccine administration or hepatitis B immunoglobulin (HBIG) or both [36] . The first HBsAg gene mutation was observed in vaccinated Italian child who was presented with both HBsAg and anti HBs. Gene sequencing showed substitution in which glycine replaced by arginine at site 145(G145R mutant) [37] . This G145R represents the most prevalent HBsAg mutation in the literature. It is addressed as a public health concern because of its capability of escaping the immune system and it found in immunocompromised patients and infant of HBeAg positive mother with prevalence of 3.1%. It may accompany other mutations such as T126I-T131A-C139Y-E/D144G, T126I-M133L, and P120Q-T126I in 37.5% [38] . Ngui et al. studied 17 HBV-infected mother and infant pairs as the infants became infected with HBV inspite of immunoprophylaxis administration. The S gene was sequenced for all patients and 15 mother/infant pairs showed complete concordance, while in the other two pairs showed the following: in one infant there were three nucleic acid changes (P120Q, F134Y and D144A) and the other harbored the I126N substitution, mutations that might interfere with HBsAg/anti-HBs binding [39] . Furthermore, multiple point mutations such as deletions and recombination were discovered in the preS region. Apart from the preS variants, a number of mutations had also been detected within the "a" determinant of the major hydrophilic region (MHR) of the surface antigen, against which natural or vaccine induced neutralizing antibodies are generated [40] . [41] . Missense mutations within the "a" determinant were responsible 3.5% in 177 restaurant employee in China [42] . The high endimicity areas represent the most common regions in which vaccine escape mutants were abundant [43] . Monica et al. reported a case about a Caucasian man who develop acute hepatitis B infection inspite of having anti-HBs after vaccination, surprisingly this man acquired a mutant strain with diminished affinity for anti-HBs due to three amino acid substitutions discovered as follows (M125T, T127P and Q129H),these mutations were rarely reported together [44] . 
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Drug Induced Mutations
The desired goal of treatment of CHB infection is to arrest the progression of liver injury and to improve the quality of life by preventing progression to cirrhosis, HCC and death. So far, eradication of the virus is impossible and current antiviral treatment aims to reduce liver failure and HCC and to increase survival,through the effective HBV DNA suppression [45] . United States Food and Drug Administration (FDA) has approved six drugs for the treatment of the CHB infection, of these immunomodulator (pegyinterferon), nucleos(t)ide analogues (lamivudine, enticavir, telbivudine, adifovir and tenofovir) [46] . Since the ORF encoding HBsAg overlaps with that of the polymerase, mutations within the former may affect the latter or vice versa, therapy with lamivudine results in several mutations in the polymerase gene, some of them are associated with alterations in the 'a' determinant of HBsAg [47] . Lamivudine is responsible for the highest rate of resistance reaching up to 70% by year 4 of continuous therapy [48] . negative. Additionally, the switching from rtM204I to rtM204V was reported in one patient after 24 months of therapy which indicates that Lamivudine resistance may develop at similar rates in HBeAg-positive and negative patients [51] . Recently it was concluded that there is no benefit in continuing lamivudine therapy after emergence of YMDD mutations [52] .
Conclusion
The emergence of natural mutations should be expected due to the characteristics of the HBV genome such as proofreading capacity failure and viral factors such as the mechanisms of viral production and clearance. The mutations alter the binding of antibodies developed against wild-type S protein to virions and subviral particles and it can lead to diagnostic assay failure also. Most patients with chronic hepatitis B had a good response to Lamivudine therapy but the long term therapy leads not only to emergence of lamivudine resistance or drug-resistant polymerase mutants, but also to the appearance of S gene mutants and YMDD mutants' attenuated efficacy of lamivudine treatment. We here propose to develop a vaccine which includes the most common mutations as well as wild type one and to build a strategy for the regime of chronic hepatitis B patients such as combination therapy.
